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Abstract 
In this era of web, we have a huge amount of information overload over internet. To extract useful information, filtering is 
required. Search engines help to solve this problem to some extent but they do not provide personalization of data. Hence, 
there is a need of recommendation engine. With the help of recommender software the preferences of user for a particular 
product can be foreseen. Recommender systems help in pinpointing the required information thereby deescalating unwanted 
information. Collaborative filtering is the most efficient approach to create recommendations so that the identified choices 
of a user’s group can be used to envisage the preferences for other users which are not yet known to them. Through this 
paper we endeavor to present a thorough survey of collaborative filtering methods that can help in future for further 
research in this field and thereby propose a solution to enhance the precision and recall measures of recommendations.   
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1. Introduction 
The decision making process of human mind is influenced by many factors. The entities which are of interest to 
us many a times lead to decisions involving complex amalgamation of social and personal factors. In today's 
age when we can influence the life of millions of people with help of technology, a recommendation system is 
indeed a great asset to simplify, support and to ease the processes involving huge data and information input 
and very specific, efficient output which caters to the needs of a user or an organization in least amount of time 
and result supremacy. Recommendation system generates recommendations for the users by exploring their 
requirements and likes. They generate different recommendations to suit different masses. In today’s e-
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commerce world recommendation engines are used for new products, cross sell suggestions, product delivery, 
email campaigns, loyalty programmes etc.  Some of the merchandising examples that employ recommendation 
engines include Netflix (video on demand provider in North America and UK) whose 60 to 70% of the views 
result from recommendations, Amazon.com (gold standard of e-commerce) where customers can view what 
people with similar tastes have viewed or purchased, Linked in and Facebook (social and professional 
networking sites) sites on a huge volume of collective information of its customers and Pandora radio (music 
station) which offers music suggestions based on ratings and many more. Recommender systems are broadly 
categorised into following sections:- 
COLLABORATIVE FILTERING 
Collaborative filtering is by far the most embossed technique to generate recommendations. CF 
technique methods utilize a stored database of choices of entities that users have preferred in the past to predict 
products that may be liked in future. The ratings can either be implicit or explicit, like purchased items and 
clicks on various entities. 
Collaborative techniques are subcategorised as:- 
MEMORY-BASED-Uses users rated data to estimate the closeness among users or items. Examples are 
neighbourhood-based CF and item-based recommendation. Pearson correlation and vector cosine based 
similarity measures are also used. 
MODEL-BASED-The models are developed to find patterns based on training data using data mining, machine 
learning algorithms. Algorithms primarily used are Bayesian networks, clustering models, latent semantic 
models such as singular value decomposition and Markov decision process based models. 
HYBRID-It consists of various applications which combine the model based and the memory based CF 
techniques. 
CONTENT BASED RECOMMENDATION 
Content-based filtering techniques are established on the content and of the user’s choice. In content-
based recommenders, keywords and tags describe the items; beside, a user profile is created to describe the type 
of item this user is inclined towards. Various candidate items are weighed against items which have been rated 
by the user and the items best equivalent are recommended. Content-based approach possesses its focus 
in information retrieval and information filtering research. To generate a user's contour, the system mostly 
focuses on a model of the user's choices and the history of the user's interaction with the recommendation 
system.TF-IDF (Term Frequency – Inverse Document Frequency) is generally applied as a standard measure 
.Vector Space Model and Cosine Similarity is used as similarity measure. 
Pure content based systems are rarely found in any commercial systems.  
KNOWLEDGE BASED RECOMMENDATION 
Knowledge based systems are used in situations where approaches like Collaborative filtering and 
Content-based filtering cannot be used. These systems are specifically based on explicit knowledge about the 
item collection, recommendation criteria (the context of each item in which it should be recommended) and 
user preferences. In these systems usually preferences of users along with their requirements are evoked or 
derived within the scope of a feedback loop.  
HYBRID RECOMMENDATION 
The term hybrid recommendation deciphers a recommender system which combines multiple 
recommendation techniques to generate recommendations. The approaches or techniques of a hybrid 
recommendation system are implemented in several ways: monolithic hybridization where content-based and 
collaborative-based predictions are independently applied and then both the techniques are combined; 
parallelized hybridization: Adding content-based capabilities to a collaborative-based approach (and vice 
versa); pipelined hybridization: Unifying the approaches into one model.  
Among all the techniques available collaborative filtering is one of the most fruitful approach for data filtering. 
So this study aims at studying the work done till now in the field mentioned above. 
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2. Brief review of the most up-to-date in the field 
In [1] the author has presented a new mailing system termed as Tapestry. The system intended to filter, file, 
receive and browse electrical documents. It employs collaborative filtering along with content based filtering. 
The basis for developing this system was mounting use of automated mail that results in huge creek of 
incoming documents. The author suggested that filtering process will be improved if humans themselves were 
involved in the process. Filtering was performed by recording people reaction for a particular document i.e. 
interesting or uninteresting. These reactions called annotations can be accessed by others filters. Implicit 
feedback an also be used in filtering process. Tapestry query language was used for filtering documents with 
the filters which were specified as queries.    
In [2] this paper, the author has proposed a novel model to predict a user's next page visit. The author views the 
design of a web recommender system as a combination of clustering and classification tasks and while 
predicting the system should also consider web page visit order (sequence). The author has proposed the 
framework for the design of recommender system using a combination of similarity upper approximation 
technique for clustering web user sessions and singular value decomposition for predicting the next web page 
visit. S3M similarity measure has been used to capture sequential property of data. The datasets used by the 
author to test the proposed recommender system consists of IIS logs for msnbc.com. The average length of a 
web user session is taken as six web pages. Experiments are also carried on CTI dataset by the authors. In the 
proposed architecture first step is the collection of web data through web logs. After pre-processing the logs, a 
rough set based clustering algorithm is applied on each sequence which generates soft clusters. Soft clusters 
allow multiple interests of a user to be captured. The similarity between two web user sessions is compared by 
using the S3M measure. The S3M measure considers both content as well as sequence of information while 
computing similarities between user sessions. Once the similarity matrix has been computed, the initial set of 
clusters is formed using singular upper approximation. Once the similar clusters have been computed, a 
response matrix is generated for the user. Considering the location of various pages a weight vector is 
constructed. Then to break the response matrix SVD (Singular Value Decomposition) is applied on response 
matrix, finally prediction function of SVD is applied on the refined response matrix by the author to generate 
ratings of web pages for the new user. The page with highest ratings will be the next recommended page. The 
architecture described is shown in figure 1. The author takes accuracy as the most important metric to measure 
the operation of the proposed recommender system. To test the proposed system, the author has taken 5000 
sequences for clustering and 10 different groups from a data set of size 2000 of MSNBC web navigation 
dataset. The author has performed a tenfold cross validation of the proposed recommendation system. The 
results of experiments on the proposed recommendation system confirms that accuracy and precision measures 
of the proposed model outperforms the accuracy of random prediction model and first order Markov chain 
model.  
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    Figure.1- recommender system proposed in paper [2] 
 
The author takes accuracy as the most important metric to measure the performance. To test the proposed 
system, the author has taken 5000 sequences for clustering and 10 different groups from a data set of size 2000 
of MSNBC web navigation dataset. The author has performed a tenfold cross validation of the proposed 
recommendation system. The results of experiments on the proposed recommendation system confirms that 
accuracy and precision measures of the proposed model outperforms the accuracy of random prediction model 
and first order Markov chain model.  
 
In [3] this paper, the author has discussed the extent of researches done in the field of recommenders, 
advantages and disadvantages of CF technique and the current trends and challenges with the CF technique. 
The paper states that over 80 approaches exist in the academic literature for recommender systems. Over the 
last fourteen years these methods were brought and analysed in more than 170 patents, presentations, research 
articles and blogs. But amongst all the available methods the most reliable one is difficult to judge. The 
collaborative filtering approach is considered to be the most successful approach. The major challenges for CF 
filtering i.e. Cold start problem, Data sparsity and scalability were discussed. The three basic CF techniques i.e. 
model based, memory based, and hybrid recommendations were thrown light on. The author states that ratings 
play a critical part in CF based recommendation. Ratings can be explicit (e.g. to rate an item) or implicit (e.g. 
recording users reactions on certain product). Challenge with explicit ratings is that the users are required to 
rate product manually. The paper states that the quality of any RS can be judged by recommendation accuracy, 
users satisfaction and recommendation provider. The three major methods to perform evaluation of any RS are 
user studies, online evaluation and offline evaluation. The most reliable one is the offline evaluation technique.  
The quality of any RS can be evaluated by various metrics available. The widespread metrics which are used 
today includes Normalised mean absolute error (NMAE), Mean absolute error (MAE), Root mean square error 
(RMSE) and ROC sensitivity.Although the CF if the most successful and widespread technique but still the 
technique has many drawbacks which needs to be addressed.  
 
In [4] this paper the author has presented a recommendation system which makes use of social variables in the 
composition of similarity function applied to a user for recommending events. In the proposed model bond of 
friendship between a user and his friends is used to build a customized similarity function that checks which set 
of social variables represent best user's preference for events. The list of friends of a user is extracted through 
Facebook, this list is filtered to determine which friend has higher frequency in different events, the list is 
called control list. The author constructs a genetic algorithm that aims to reproduce the control list, through 
linear combination of social variables unfilled for every friend on Facebook. The social variables castoff by the 
author is age, education, gender and relationship status. The control list generated by genetic algorithm 
proposed by the author produces accurate results as the mutation rate is observed to be low. The metrics used to 
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measure the proposed recommendation system are Euclidian distance and weighted Euclidian distance, the 
author has observed excellent performance in composing a similarity function which uses social variables to 
compute the interests of a user and recommend events. As future proposal the author would like to improve the 
robustness of the proposed system, the author would like to test the proposed system in various other domains. 
 
In [5] this paper the author has presented a novel approach of collaborative filtering. The proposed approach 
used Bayesian belief networks (BBN). In the proposed method each parent event was given a weight and the 
probability of events which were dependent on one another can be calculated. In this method the directed 
acyclic graph was used to denote a set of arbitrary variables and their dependencies. Every node was related 
with a probability function that took information in the form of set of particular values for the parent variable of 
node. The technique thereby provides several kind of information of inter related events. BBN technique can be 
used in those areas where electronic reasoning is required. The databases were prepared in oracle 11G.  The 
similarity measures used were cosine similarity and adjusted cosine similarity. The accuracy of 
recommendations was measured using Mean absolute error (MAE) with a rating scale of 1-5.  
3. Comparative Analysis 
After going through the most up-to-date work in this field we have observed that in [1] although the primary 
technical innovation was using CF technique and the use of TQL, but the security issue was not taken care of 
and the system suffered from cold start problem and was also not scalable. In [2] the accuracy and precision 
measures are way better as compared to other contextual sequence based models but the model was not scalable 
and the security and reliability measures were not considered. In [3] it has been found that traditional CF 
techniques suffered with issues like cold start and scalability which can be reduced by incorporating various 
new approaches like Bayesian belief networks [5] and contextual information [2] etc. the current ongoing 
challenges with the CF techniques are privacy, security, trust and cyber stalking which needs to be addressed. 
In [4] the proposed system was secure and unique but the system was not scalable and the computational cost is 
also very high. In [5] the proposed method solved the rating related problem for new items but the system was 
not scalable. 
4. Challenges 
The challenges with the traditional CF approaches were: Cold start [4][6], data sparsity [4] and scalability 
problem[4]. The ongoing challenges with the CF techniques includes Shilling attacks [6], grey sheep [6], 
synonymy [6] etc. which needs to be addressed.  
 
5. Future scope and proposal 
A balance between the new data sets and the old data sets need to be maintained so that the new data set items 
should also be recommended along with the old ones. The balance will ensure that we have a large domain or 
database from which we can generate recommendations. Further recommendation systems should also consider 
the contextual information instead of only relying on history and pattern information. By analyzing the 
contextual information we can address the cold start problem and possibly minimize it, also with contextual 
information, if the user browses something very different as compared to the usual browsing behavior, still by 
utilizing the contextual information gathered we may be able to generate recommendation. Also along with 
retrieving user's preferences user's disfavored items should also be considered which may help in minimizing 
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the data sparsity problem which further aids in classifying users together and increasing precision and recall 
measures. 
In future we will move a step forward to propose our recommender system which will address the context 
based recommendations and possibly minimise cold start issues and incorporate various existing algorithms to 
enhance the precision and recall measures of recommendations thereby addressing scalability and reliability 
issue. We will use demographic variables for finding similar users. Demographic variables and contextual 
information will be more important in the case of a cold start problem when a user’s navigation pattern is 
unknown. 
6. Conclusion 
Collaborative filtering is one of the most efficacious recommendation techniques. We have presented various 
collaborative filtering techniques used in modern recommender systems and also presented the pitfalls in the 
current collaborative filtering techniques. To further perk up the functioning of the present recommendation 
systems we have proposed a solution of context based recommendation along with demographic variables for 
finding similar users. We hope implementation of our proposed solution does help to bridge the research gaps 
observed and improve the drawbacks of the present recommendation system. 
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